"melt" in the order of their stability, lowest to highest. When a region of lower 
stability is near the end of a segment of duplex, and the next region of 
complementarity along the strand has a higher melting temperature, a temperature can 
be found that will cause the terminal region of duplex to melt first, opening the first 
bubble, and thereby creating a preferred substrate structure of the cleavage by the 5' 
nucleases of the present invention (Figure 40a). The site of such cleavage would be 
expected to be on the 5 s arm, within 2 nucleotides of the junction between the single 
and double-stranded regions (Lyamichev et aL, supra, and U.S. Patent No. 5,422,253) 

An additional oligonucleotide could be introduced to basepair along the target 
nucleic acid would have a similar effect of opening this bubble for subsequent 
cleavage of the unpaired 5 5 arm (Figure 40b and Figure 6). Note in this case, the 3' 
terminal nucleotides of the upstream oligonucleotide anneals along the target nucleic 
acid sequence in such a manner that the 3' end is located within the "bubble" region. 
Depending on the precise location of the 3' end of this oligonucleotide, the cleavage 
site may be along the newly unpaired 5* arm, or at the site expected for the thermally 
opened bubble structure as described above. In the former case the cleavage is not 
within a duplexed region, and is thus not invasive cleavage, while in the latter the 
oligonucleotide is merely an aide in inducing cleavage at a site that might otherwise be 
exposed through the use of temperature alone (Le. 9 in the absence of the additional 
oligonucleotide), and is thus not considered to be invasive cleavage. 

In summary, any arrangement of oligonucleotides used for the cleavage-based 
detection of a target sequence can be analyzed to determine if the arrangement is an 
invasive cleavage structure as contemplated herein. An invasive cleavage structure 
supports cleavage of the probe in a region that, in the absence of an upstream 
oligonucleotide, would be expected to be basepaired to the target nucleic acid. 

Example 26 below provides further guidance for the design and execution of a 
experiments which allow the determination of whether a given arrangement of a pair 
of upstream and downstream (i.e., the probe) oligonucleotides when annealed along a 
target nucleic acid would form an invasive cleavage structure. 
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V. Fractionation Of Specific Nucleic Acids By Selective Charge 
Reversal 

Some nucleic acid-based detection assays involve the elongation and/or 
shortening of oligonucleotide probes. For example, as described herein, the primer- 
directed, primer-independent, and invader-directed cleavage assays, as well as the 
"nibbling" assay all involve the cleavage (i.e., shortening) of oligonucleotides as a 
means for detecting the presence of a target nucleic sequence. Examples of other 
detection assays which involve the shortening of an oligonucleotide probe include the 
"TaqMan" or nick-translation PCR assay described in U.S. Patent No. 5,210,015 to 
Gelfand et al (the disclosure of which is herein incorporated by reference), the assays 
described in U.S. Patent Nos. 4,775,619 and 5,118,605 to Urdea (the disclosures of 
which are herein incorporated by reference), the catalytic hybridization amplification 
assay described in U.S. Patent No. 5,403,711 to Walder and Walder (the disclosure of 
which is herein incorporated by reference), and the cycling probe assay described in 
U.S. Patents Nos. 4,876,187 and 5,011,769 to Duck et al (the disclosures of which are 
herein incorporated by reference). Examples of detection assays which involve the 
elongation of an oligonucleotide probe (or primer) include the polymerase chain 
reaction (PCR) described in U.S. Patent Nos. 4,683,195 and 4,683,202 to Mullis and 
Mullis et al (the disclosures of which are herein incorporated by reference) and the 
ligase chain reaction (LCR) described in U.S. Patent Nos. 5,427,930 and 5,494,810 to 
Birkenmeyer et al and Barany et al (the disclosures of which are herein incorporated 
by reference). The above examples are intended to be illustrative of nucleic acid- 
based detection assays that involve the elongation and/or shortening of oligonucleotide 
probes and do not provide an exhaustive list. 

Typically, nucleic acid-based detection assays that involve the elongation and/or 
shortening of oligonucleotide probes require post-reaction analysis to detect the 
products of the reaction. It is common that, the specific reaction product(s) must be 
separated from the other reaction components, including the input or unreacted 
oligonucleotide probe. One detection technique involves the electrophoretic separation 
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of the reacted and unreacted oligonucleotide probe. When the assay involves the 
cleavage or shortening of the probe, the unreacted product will be longer than the 
reacted or cleaved product. When the assay involves the elongation of the probe (or 
primer), the reaction products will be greater in length than the input. Gel-based 
electrophoresis of a sample containing nucleic acid molecules of different lengths 
separates these fragments primarily on the basis of size. This is due to the fact that in 
solutions having a neutral or alkaline pH, nucleic acids having widely different sizes 
(i.e., molecular weights) possess very similar charge-to-mass ratios and do not separate 
[Andrews, Electrophoresis, 2nd Edition, Oxford University Press (1986), pp. 153-154]. 
The gel matrix acts as a molecular sieve and allows nucleic acids to be separated on 
the basis of size and shape (e.g., linear, relaxed circular or covalently closed 
supercoiled circles). 

Unmodified nucleic acids have a net negative charge due to the presence of 
negatively charged phosphate groups contained within the sugar-phosphate backbone of 
the nucleic acid. Typically, the sample is applied to gel near the negative pole and the 
nucleic acid fragments migrate into the gel toward the positive pole with the smallest 
fragments moving fastest through the gel. 

The present invention provides a novel means for fractionating nucleic acid 
fragments on the basis of charge. This novel separation technique is related to the 
observation that positively charged adducts can affect the electrophoretic behavior of 
small oligonucleotides because the charge of the adduct is significant relative to charge 
of the whole complex. In addition, to the use of positively charged adducts (e.g., Cy3 
and Cy5 amidite fluorescent dyes, the positively charged heterodimeric DNA-binding 
dyes shown in Fig. 66, etc.), the oligonucleotide may contain amino acids (particulary 
useful amino acids are the charged amino acids: lysine, arginine, asparate, glutamate), 
modified bases, such as amino-modified bases, and/or a phosphonate backbone (at all 
or a subset of the positions). In addition as discussed further below, a neutral dye or 
detection moiety (e.g., biotin, streptavidin, etc.) may be employed in place of a 
positively charged adduct in conjunction with the use of amino-modified bases and/or 
a complete or partial phosphonate backbone. 
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